Introduction
Bladder cancer is one of the most common health problems worldwide, the seventh most common malignancy in men, and 17th most common in women. 1 It is wellknown that the most common risk factors for bladder cancer include tobacco smoking, 2 occupational exposure to chemicals, 3 and schistosomiasis. 1 Whereas, epidemiological studies have shown that genetic variants at one or more loci result in reduced DNA repair capacity and an increased cancer risk. [4] [5] [6] In addition, a large number of single nucleotide polymorphisms in common DNA repair genes have also been identified 7 and confirmed to be associated with several sporadic cancers. 8, 9 XRCC1 is located on chromosome 19q13.2-13.3 10, 11 with a length of 33 kb, and plays an essential role in DNA repair genes involved in base excision repair 12 and single-strand breaks. 13 To date, XRCC1 is the first cloned human gene associated with single-strand break repair 14 and also related to sister-chromatid exchange.
submit your manuscript | www.dovepress.com
Dovepress

liu et al
Although several previous studies have evaluated the associations of XRCC1 polymorphisms with bladder cancer risk, the results are still inconsistent. In the present study, we performed a meta-analysis of all eligible studies to demonstrate the effect of XRCC1 Arg399Gln polymorphism on bladder cancer susceptibility.
Materials and methods
Identification of eligible studies
PubMed, Embase, and Web of Science databases were searched in our meta-analysis. Case-control studies of the XRCC1 Arg399Gln polymorphism and bladder cancer susceptibility published before June 1, 2015 were included by using the keywords: "XRCC1", "X-ray repair crosscomplementing group 1", "Arg399Gln", "polymorphism", "bladder cancer", and "urothelial carcinoma". The search was limited to English language papers. All reference lists of reviews and retrieved articles were manually screened for further potential studies.
inclusion and exclusion criteria
The following criteria were used to determine inclusion eligibility: 1) a study that evaluated the correlation of XRCC1 Arg399Gln polymorphisms with bladder cancer susceptibility; 2) case-control study design; 3) full-text published articles; 4) a study that included sufficient genotype data for extraction. Furthermore, articles that did not meet our inclusion criteria were excluded.
Data extraction
Information was extracted carefully from all eligible publications independently and in duplicate by two authors. The following data were collected from each study: the first author's name, year of publication, country of origin, genotyping method, numbers of cases and controls, and evidence of Hardy-Weinberg equilibrium (HWE). The two authors reached consensus on each item.
statistical analysis
The strength of association between the XRCC1 Arg399Gln polymorphism and bladder cancer was calculated by individual or pooled odds ratios (ORs) and 95% confidence intervals (CIs) using the STATA statistical software (Version 12.0, StataCorp LP, College Station, TX, USA). We evaluated the following comparisons to the XRCC1 Arg399Gln polymorphism including comparison of the variant allele with the wild-type allele (Gln allele vs Arg allele), the variant homozygote with the wild-type homozygote and the heterozygote (Gln/Gln vs Gln/Arg + Arg/Arg), the wild-type homozygote with the variant homozygote and the heterozygote (Arg/Arg vs Gln/Arg + Gln/Gln), and the variant homozygote with the heterozygote and wild-type homozygote (Gln/Gln vs Arg/Arg; Gln/Gln vs Gln/Arg). The statistical significance of the pooled ORs was assessed with the Z test and a P-value of ,0.05 was considered significant. Chi-square-based Q test was conducted to measure the heterogeneity between eligible studies, and the existence of heterogeneity was considered significant if P,0.10.
11 When the between-study heterogeneity was absent, a fixed-effect model (the Mantel-Haenszel method) was used to pool the data from different studies. 18 Otherwise, a random-effect model (the DerSimonian and Laird method) was applied. 19 To explore the source of heterogeneity among variables such as ethnicity, and HWE status, both subgroup analyses and logistic met regression analyses were performed. 20 Funnel plots and Egger's linear regression test were applied to investigate publication bias.
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Results
study selection and description
A total of 27 eligible studies including 8,539 cases and 10,750 controls met the inclusion criteria. The HWE test was performed to determine the genotype distribution of the controls in all studies included. All of the studies, except for three, [22] [23] [24] were not in HWE, and two studies 25, 26 lacked sufficient data for calculating the P-value to determine HWE.
Quantitative data synthesis
The study characteristics are summarized in Table 1 . The genotype distribution and risk allele frequency of the included studies are summarized in Table 2 . Overall, there was no significant correlation between the XRCC1 Arg399Gln polymorphism and bladder cancer risk for A allele vs G allele (OR =0.87, 95% CI =0.71-1.06, P=0.160 for heterogeneity, Figure 1A ), the codominant model AA vs GG (OR =1.01, 95% CI =0.81-1.26, P=0.959 for heterogeneity, Figure 1B ), the dominant model AA/AG vs GG (OR =0.93, 95% CI =0.85-1.02, P=0.134 for heterogeneity, Figure 1C) , and the recessive model AA vs AG/GG (OR =1.01, 95% CI =0.88-1.15, P=0.934 for heterogeneity, Figure 1D ), but a moderately significant association was found for AG vs GG (OR =0.241, 95% CI =0.17-0.35, P=0.000 for heterogeneity, Figure 2 ). In subgroup analysis by ethnicity, no significant association was found between XRCC1 Arg399Gln polymorphism and bladder cancer risk among Asians (P.0.05). Abbreviations: PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; AMRS PCR, amplification refractory mutation system polymerase chain reaction; Pcr+sscP, polymerase chain reaction and single-strand conformation polymorphism. sensitivity analysis
The analysis of sensitivity was examined by sequential omission of individual studies. The significance of the pooled ORs in all individual and subgroup analyses was not excessively influenced by omitting any single study.
heterogeneity and publication bias
Heterogeneity among studies was found in all comparisons of the XRCC1 Arg399Gln polymorphism. Therefore, the random effects model was used for single studies in the subgroup analysis to minimize the impact of bias. Funnel plots demonstrated
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Discussion
Few studies have been conducted to investigate the association between the XRCC1 Arg399Gln polymorphism and bladder cancer risk in recent decades. Compared with those who had the Arg/Arg genotype, a slight decrease was found in risk for individuals who carried the Gln/Gln genotype. 27 Subsequently, a case-control investigation was carried out in Northern Italy, and the XRCC1 Arg399Gln polymorphism showed a protective effect on bladder cancer risk among heavy smokers. 28 In comparison with Gln allele vs Arg allele, (Gln/Gln + Gln/Arg) vs Arg/Arg, Gln/Gln vs (Gln/Arg + Arg/Arg), Gln/Gln vs Arg/ Arg, and Gln/Arg vs Arg/Arg, our meta-analysis based on these 27 studies revealed no correlation between the XRCC1 Arg399Gln polymorphism and bladder cancer risk.
As we know, mutations occurring in the nucleotide bases is the most common type of DNA damage, and they exhibit a high frequency (up to several thousand a day). Consequently, once the XRCC1 protein is lost, it may cause increased cell sensitivity to radiation, oxidative stress, and alkylating agents (eg, camptothecin).
14 To date, more than 300 single nucleotide changes have been identified in the XRCC1 gene. 29 The Arg399Gln mutation leads to conformational changes in the XRCC1 protein that reduces its affinity for the multicomponent DNA repair protein complex. 29 Presently, relationships between the XRCC1 Arg399Gln polymorphism and cancer development have been observed in several cancers. As previously reported, the alterations 
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a meta-analysis of Xrcc1 genetic polymorphisms of XRCC1 are the most widely accepted suggestion to play a role in the pathogenesis of cancers. 30, 31 In particular, it has been found that the XRCC1 399Gln/Gln genotype was associated with lung cancer risk, as well as breast cancer risk in African Americans. 32 However, no relationship between the XRCC1 Arg399Gln polymorphism and bladder cancer has been found in recent studies.
Notably, several limitations of our meta-analysis should be mentioned. Firstly, we strictly compiled data according to the rules of HWE, and ruled out three studies that might have caused the overall effects in our meta-analysis. Secondly, our systematic review was based on unadjusted data. Furthermore, the genotype information stratified for the main confounding variables was not available in the original papers.
Taken together, we have shown that there is no association between the XRCC1 Arg-399Gln polymorphism and bladder cancer risk. Additional large-scale studies with adequate methodological quality and controls for possible confounding effects should be conducted.
